Abstract Research on the comprehension of humangiven cues by domesticated as well as non-domesticated species has received considerable attention over the last decade. While several species seem to be capable of utilizing these cues, former work with domestic pigs (Sus scrofa domestica) has shown inconclusive results. In this study, we investigated the use of human-given cues in an object choice task by young domestic pigs (N = 17; 7 weeks of age) who had very limited human contact prior to the experiments. Subjects had to choose between two bowls of which only one was baited with a reward. Over the course of five experiments, pigs were able to use proximal and, with some constraints, also distal pointing cues presented in both a dynamic-sustained and in a momentary manner. When the experimenter was pointing from the incorrect bowl towards the correct one, most of the subjects had problems solving the task-indicating that some form of stimulus/local enhancement affected pigs' decision making. Interestingly, pigs were able to utilize the body and head orientation of a human experimenter to locate the hidden reward but failed to co-orient when head or body orientation of the experimenter was directed into distant space with no bowls present. Control trials ruled out the possibility that other factors (e.g. odour cues) affected subjects' choice behaviour. Learning during experiments played a minor role and only occurred in three out of twelve test conditions. We conclude that domestic pigs, even at a very young age, are skilful in utilizing various human-given cues in an object choice task-raising the question whether pigs only used stimulus/local enhancement and associative learning processes or whether they were able to comprehend the communicative nature of at least some of these cues.
Introduction
Obtaining information from other individuals is crucial for survival, either in a communicative or competitive context. However, the mechanisms by which receivers recognize the underlying mental states of signalers are still under debate. The comprehension of the human pointing gesture as a communicative cue indicating the location of a hidden reward in an object choice task has recently received increased attention (for a review see Miklósi and Soproni 2006; Kaminski and Nitzschner 2013) . Some researchers hypothesize that artificial selection pressures by humans (i.e. domestication processes) have led to reduced emotional reactivity (i.e. a reduction in fear and aggression towards humans) in dogs (Canis familiaris) and, due to additional selection for companionship, altered the sociocognitive capacities adaptive for living with humans. Dogs seem to be especially skilful in comprehending humangiven cues such as different forms of pointing gestures or gaze direction in object choice tasks (Agnetta et al. 2000; McKinley and Sambrook 2000; Soproni et al. 2001; Hare et al. 2002; Hare and Tomasello 2005; Miklósi et al. 2005 )-letting them outperform their wild counterparts, wolves, in the same task (Hare et al. 2002; Virányi et al. 2008 ). In addition, dogs already utilize these cues at a very young age of 6 weeks, leaving little space for ontogenetic factors (Riedel et al. 2008) . Other domestic species like cats (Miklósi et al. 2005) , goats (Kaminski et al. 2005) , and horses (Maros et al. 2008; Proops et al. 2010 ) appeared to be able to utilize some of the pointing gestures applied to dogs-letting other researchers argue that domestication in general could have promoted the ability to rely on humangiven cues (Hernádi et al. 2012) . However, the species mentioned above failed to use the body or head orientation of a human experimenter. The results obtained in these studies with horses, goats, and cats can alternatively be explained by the use of stimulus/local enhancement effects, as subjects only had to move towards the part of the human body that was closest to one of two possible targets. For horses (Maros et al. 2008; Proops et al. 2010 ), a learned food-hand association may additionally account for the good performance in solving the pointing gesture-as observed by a high number of approaches to the experimenter 0 s hand and/or index finger before making a choice. As there is no comparative work where the same methodology was applied to the wild counterparts of cats, goats, or horses, no conclusions can be drawn to potential effects of domestication processes in these species. So in general, due to longstanding human-animal interactions and preexisting training histories, individual ontogenetic factors cannot be ruled out completely from accounting for the performances of those other domestic species, especially since no studies with very young and human-inexperienced subjects have been conducted with cats or horses (but see for goats: Kaminski et al. 2005) . In addition, even some non-domesticated species seem to be able to follow humangiven cues including gaze direction (e.g. grey parrots: Giret et al. 2009; rooks: Schmidt et al. 2011; seals: Scheumann and Call 2004) . However, individuals in these studies all had considerable human contact before testing and were professionally trained or had previous test experience.
The domestication of the pig (Sus scrofa domestica) started more than 9,000 years ago (Umberto 2007 ) from several locations in Eurasia. The pig, as an omnivorous species, may have experienced a similar early domestication history as the dog (Clutton-Brock 1995) , that is, scavenging around early human settlements searching for waste and leftovers. Compared to dogs and horses, which were probably selected mainly for companionship, sport or working purposes, pigs were presumably selected largely for meat quality and quantity. Pigs are also highly gregarious animals, forming a social hierarchy and are able to distinguish not only unfamiliar from familiar conspecifics , but also different familiar individuals from each other using visual, auditory, or olfactory cues alone (McLeman et al. 2005) . Several studies on domestic pigs have also shown some more sophisticated cognitive abilities of these animals, including the use of a mirror to obtain information (Broom et al. 2009 ), social exploitation in a spatial foraging task (Held et al. 2000 (Held et al. , 2002 , and potentially taking the visual perspective of conspecifics (Held et al. 2001) . However, studies investigating more complex interactions between pigs and heterospecifics (e.g. humans) rather than conspecifics are rare.
Besides a recent study of Nawroth et al. (2013) , there is another one of Albiach-Serrano et al. (2012) , who applied a test battery of object choice tasks with various test conditions, both in the physical and socio-cognitive domain. Albiach-Serrano and colleagues found that wild boars, but not domestic pigs, were able to follow human pointing gestures. However, they tested individuals behind a mesh that separated them from the experimenter. Although this methodology is necessary under some circumstances (e.g. for safety reasons), it has been found to influence the performance, as a partial visual barrier might distract subjects and therefore decrease performance, at least for dogs (Udell et al. 2008) .
Here, we present the first study that explicitly addresses the use of various human-given cues in juvenile domestic pigs, tested without a barrier. Subjects were tested in five different experiments and were 7 weeks old at the beginning of the first one. Because there was no possibility of constraining the subjects as in other studies with dogs or horses (e.g. Agnetta et al. 2000; Proops et al. 2010 ), we used a slightly different procedure where subjects were free to enter the test area by passing through a long corridor (see Kaminski et al. 2005) . Subjects had to choose between two bowls of which only one was baited with a reward. While pigs were passing through the corridor, they inevitably saw the experimenter in front of them, administering different gestures indicating the baited bowl. In the first experiment, we used the most common human-given cues (see Miklósi and Soproni 2006) for comparative reasons. These cues are proximal pointing (i.e. the experimenter pointed from a kneeling position) and distal pointing gestures (i.e. experimenter pointed from a standing position), both presented in a momentary and dynamic-sustained manner. In the second experiment, the experimenter administered distal pointing cues in a kneeling position to present those gestures in a more salient way. In the third experiment, we examined whether subjects used only stimulus/local enhancement by the human body itself for finding the correct bowl or if they had some understanding of the informative value of the experimenter 0 s pointing gesture. In the fourth experiment, we investigated whether pigs could also use other social cues like the body or the head orientation of the experimenter. In the last experiment, we examined whether pigs would follow head and body orientation into distant space when no bowls and no food were present. We expected, in accordance with studies in goats and horses (Kaminski et al. 2005; Proops et al. 2010) , that pigs would be able to use proximal and, to some degree, distal pointing cues.
General methods

Subjects
Initially, a total of 23 pigs (male: 11; female: 12) participated and were transferred into their home pens at the age of 5 weeks. All individuals were reared at the research facilities. Pigs had access to a commercial diet ad libitum. Water was provided from nipple drinkers in the home pens at all times. During habituation and training, we had to exclude five subjects, one for being injured at the start of the habituation phase and four for not solving the training phase where they had to learn that only one bowl out of two was baited. Thus, 18 pigs participated but some of them had to be excluded during the different experiments due to a lack of motivation (for a detailed list see Table 1 ).
Housing
Pigs were socially housed in a barn of the Institute of Agricultural and Nutritional Sciences in Merbitz, Germany. Temperature was maintained at about 23°C, and artificial light was provided from 7 am to 5 pm. Pigs were housed in groups of 7-9 individuals in pens (250 9 400 cm) on solid floor with straw bedding. Branches were used as additional enrichment material.
Habituation
After subjects were transferred to the pig pens, they got 1 week of habituation to reduce aggressiveness and to get familiar with the new environment. Every day, the experimenter entered the pig pens for about 20 min. During the last 2 days of this phase, he additionally placed a bowl with grapes into the middle of the pen to make subjects familiar with the bowls and the new food source. Subsequently, pigs received 4 days of habituation to the test area (see Fig. 1 ) and the adjacent resting area before experiments began. On the first 2 days, they were introduced as a group for about 15 min to both areas. On the third day, they were introduced alone, again for about 15 min and could explore the areas on their own while some grapes were spread over the floor of the test area. On the fourth day of habituation, pigs were exposed alone to the test area for 15 min. This time the experimenter placed a grape into a metal food bowl (20 cm in diameter and 5 cm in height), positioned out of the subjects 0 view about 1 m away from the entrance of the test area when the subject was exploring the resting area. The food reward was always put into the bowl on the side facing the entrance to avoid visual cues. Additionally, the back of the bowl was covered with black tape to prevent reflections of the food items. Subjects had to learn to approach the bowl and get the grape and were forced afterwards to leave the test area into the resting area. This was repeated ten times at minimum and for some individuals as long as they needed to approach the bowl immediately, but with no more than 20 trials within a session.
Training
In a pilot study on social cues with pigs, subjects received no training trials, and eight out of 11 subjects showed a strong side bias from the very first trial. To prevent this in the present study, we introduced training trials to make subjects familiar with only one of the two bowls being baited. On the first training day, two bowls were positioned 150 cm away from the entrance and 60 cm apart from each other with the experimenter kneeling about 30 cm behind the midline (see Fig. 1 ). When the subject entered the test area, the experimenter, holding a grape in his hand, slowly moved his hand to one (sham baited) bowl and then to the second (baited) bowl where he slowly released the reward. The subject was not constrained and free to explore the whole procedure until it picked up the grape from the baited bowl. After it found the food, the subject was slightly forced to go back into the resting area and was then allowed to re-enter the test area. This was repeated ten times. On the second training day, the distance between the two bowls was increased to 140 cm. The remaining procedure was the same. Some individuals received a third training day, similar to the second. At the end of the training, most individuals (four had to be excluded because they did not walk straight to a bowl when they entered the test area) reliably followed the food item to the correct bowl and no longer explored the one that was sham baited. Individuals received a maximum of 20-30 training trials, which is comparable to those used in similar studies with non-canid species (Giret et al. 2009; Schmidt et al. 2011) . Of the participating 18 subjects, 11 received two training sessions and seven received three sessions. At the beginning of Experiment 1, all subjects were 7 weeks old.
Experiment 1
In the first experiment, we administered a standard testing procedure with four of the most prominent human pointing gestures (i.e. dynamic-sustained and momentary, proximal and distal pointing cues) previously applied to other species (Miklósi et al. 2005; Maros et al. 2008; Giret et al. 2009 ).
Procedure
Two bowls were placed 150 cm away from the entrance and 140 cm apart from each other, while the experimenter was in a kneeling position about 30 cm behind the midline (see Fig. 1 ). Before every test session, individuals received two training trials, one using the left and one the right bowl to assure that they recognized that only one food bowl was baited. We administered the following four conditions to the subjects (see Fig. 2 ).
Proximal dynamic-sustained pointing and gaze (PDS-G): The experimenter kneeled between the two bowls, and as soon as the subject entered the corridor, he pointed and turned his head towards the baited bowl until the subject made a choice. The distance between the tip of the index finger and the baited bowl was about 30 cm.
Proximal momentary pointing (PM): The experimenter kneeled between the two bowls, and as soon as the subject entered the corridor, he pointed towards the baited bowl for about one second or as long as the subject was still in the corridor. Pigs never entered the test area, while the gesture was still being administered. The distance between the tip of the index finger and the baited bowl was about 30 cm.
Distal dynamic-sustained pointing (DDS): The experimenter stood between the two bowls, and as soon as the subject entered the corridor, he pointed towards the baited bowl until the subject made a choice. The distance between the tip of the index finger and the baited bowl was about 80 cm.
Distal momentary pointing (DM): The experimenter stood between the two bowls, and as soon as the subject entered the corridor, he pointed towards the baited bowl for about one second or as long as the subject was still in the corridor. Pigs never entered the test area, while the gesture was still being administered. The distance between the tip of the index finger and the baited bowl was about 80 cm.
Each subject received five sessions on five consecutive days of 16 trials each, and every session consisted of four trials for each of the four conditions, resulting in 20 trials for each condition in total. A single grape was used as reward. After a trial, subjects were slightly pushed to leave the test area and the experimenter surreptitiously baited one of the bowls. Reward side and cue type were counterbalanced across a session with the exception that no side or cue type was used more than twice in a row. When pigs were distracted or not motivated anymore, a session was terminated and completed the following day. If sessions had to be terminated for two consecutive days, the subject was excluded from further testing. If a subject had chosen one specific side six times in a row, two training trials to the opposite side were introduced to prevent side biases.
Data scoring and analysis
All trials were coded live and were additionally videotaped. For individual data, binomial tests were conducted. If a subject chose at least in 15 out of 20 trials the correct bowl, it was counted as significant deviation from chance level (P = 0.041, one-tailed). Parametric analyses (paired t tests, repeated measures ANOVAs) were used when comparing the number of correct trials between conditions. To test against chance level (50 %), we used one sample t tests. We also analysed whether pigs 0 choice behaviour was influenced by the amount of finger touches of the experimenter, using correlations (see Riedel et al. 2008 ).
All choices could be classified unambiguously as correct or incorrect, so we did not calculate inter-observer reliability.
Results
One individual refused to participate from the very first test session and was therefore excluded, resulting in a sample size of 17 subjects. Two subjects ('R' and 'V') showed a strong side bias by choosing the right bowl in 72 and 78 out of 80 trials. All other pigs showed no particular preference for either the left or the right side. We found a significant difference between test conditions (F 3,45 = 30.47; P \ 0.001) but no effect of sex (F 1,15 = 0.003; P = 0.96) and no interaction between them (F 3,45 = 0.57; P = 0.64). We therefore did not analyse 'sex' as a variable any further. Bonferroni-corrected pair-wise comparisons revealed that subjects as a group performed better in PDS-G trials Fig. 2 Images of the different human-given cues: a PDS-G (proximal dynamic-sustained pointing and gaze), b PM (proximal momentary pointing), c DM (distal momentary pointing) and DDS (distal dynamic-sustained pointing), d DM-K (distal momentary pointing kneeling) and DDS-K (distal dynamic-sustained pointing kneeling), e behind (E behind correct bowl), f incorrect (E behind incorrect bowl, dynamic-sustained pointing, and gazing at correct bowl), g PDS (proximal dynamic-sustained pointing), h Body (dynamic-sustained body and head orientation), i Head (dynamic-sustained head orientation)
Anim Cogn (2014) 17:701-713 705 compared to DM, DDS, and PM trials (all comparisons: P \ 0.001). In addition, subjects' performance was better in PM trials compared to DM and DDS trials (both comparisons: P \ 0.05). No other differences were found. Pigs as a group did not perform significantly better than chance (50 %) in the distal pointing trials (DM: t 16 = 1.71; P = 0.11, DDS: t 16 = 1.66; P = 0.12), but performed above chance in the proximal pointing trials (PM: t 16 = 3.75; P = 0.002 and PDS-G: t 16 = 9.53; P \ 0.001; see Fig. 3 ). Analysis on an individual level confirmed this pattern. In the distal trials, no subject performed above chance level, whereas some did in PM (5 out of 17) and PDS-G (14 out of 17) trials (see Electronic Supplementary Material). In the PDS-G trials, pigs sometimes touched the index finger of the experimenter before making a choice (Mean ± SEM = 0.71 ± 0.29; N = 17) but no correlation with performance was found (r s = -0.06; N = 17; P = 0.81). To control for learning effects, we compared the first ten against the last ten trials of each condition but found no effect on performance in any of the four conditions (paired t tests; all P [ 0.05).
Experiment 2
In the first experiment, pigs performed above chance with the two proximal cues but failed to use the two distal cues. This is a surprising result, as dogs, cats (both Miklósi et al. 2005) , and horses (Maros et al. 2008; Proops et al. 2010 ) have been reported to be able to utilize distal pointing cues. Given pigs' size and especially due to their rooting foraging ecology, we assumed that they failed to use distal cues because the presentation was out of their range of visual attention. Therefore, we repeated the presentation of the two distal pointing cues (i.e. dynamic-sustained and momentary) in a kneeling position and increased the distance of the bowls to maintain the distance between index finger and target bowl equal to that in the distal conditions in Experiment 1.
Procedure
The same subjects as in Experiment 1 participated. Two bowls were placed 150 cm away from the entrance and 280 cm apart from each other with the experimenter's position about 30 cm behind the midline (see Fig. 1 ). The distance between the tip of the index finger and the baited bowl was always about 80 cm. All other circumstances were the same as in Experiment 1. We administered the following two gestures (see Fig. 2 ): Distal dynamic-sustained pointing kneeling (DDS-K): The experimenter kneeled between the two bowls, and as soon as the subject entered the corridor, he pointed and turned his head towards the baited bowl until the subject made a choice. Fig. 3 Mean correct choices. Numbers indicate the amount of subjects that performed above chance on an individual level compared to the total number of subjects participating; DM distal momentary pointing; DDS distal dynamic-sustained pointing; PM proximal momentary pointing; PDS-G proximal dynamic-sustained pointing and gaze; DM-K distal momentary pointing kneeling; DDS-K distal dynamic-sustained pointing kneeling; behind = E behind correct bowl; incorrect = E behind incorrect bowl, dynamic-sustained pointing, and gazing at correct bowl; PDS proximal dynamicsustained pointing; Body = dynamic-sustained body orientation; Head = dynamic-sustained head orientation; dashed line represents chance level; error bars represent standard errors; *P \ .05, **P \ .001
Distal momentary pointing kneeling (DM-K): The experimenter kneeled between the two bowls, and as soon as the subject entered the corridor, he pointed and turned his head towards the baited bowl for about one second or as long as the subject was still in the corridor. Pigs never entered the test area while the gesture was still being administered.
Each subject received two sessions of 20 trials, each session consisting of ten trials for each of the two conditions, resulting in 20 trials for each condition in total. Reward side and cue type were counterbalanced across a session except that no side or cue type was used more than three times consecutively.
Data scoring and analysis
Data scoring and analysis were the same as in Experiment 1.
Results
Two subjects showed a lack of motivation during testing and were excluded resulting in a sample size of 15 pigs. One subject ('V') showed a strong side bias, choosing the right bowl in 39 out of 40 trials. All other pigs showed no particular preference for either the left or the right side. Subjects as a group performed better in DDS-K compared to DM-K trials (paired t test; t 14 = -5.57; P \ 0.001). In addition, subjects as a group performed above chance (50 %) in both conditions (DM-K: t 14 = 4.17; P = 0.001; DDS-K: t 14 = 11.63; P \ 0.001; see Fig. 3 ). Individual analyses showed that in DM-K trials, four out of 15 subjects and in DDS-K trials, 13 out of 15 subjects performed above chance level (see Electronic Supplementary Material). In the DDS-K trials, pigs relatively often touched the index finger of the experimenter before making a choice (M ± SEM = 2.33 ± 0.61; N = 15) but, as in Experiment 1, no correlation with performance was found (r s = 0.21; N = 15; P = 0.45). Comparing the first ten with the last ten trials of every condition, we found that subjects' performance increased significantly in DM-K (t 14 = -3.90; P = 0.002) but not in DDS-K trials (t 14 = -0.52; P = 0.61). Nonetheless, subjects as a group were already performing above chance in the first ten DM-K trials (t 14 = 2.674; P = 0.018).
Experiment 3
The two previous experiments showed that pigs performed above chance with different pointing gestures. However, they might have used stimulus or local enhancement to solve the tasks. To test this, we introduced two new conditions where the experimenter was always close to one particular bowl.
Procedure
The experimenter positioned himself behind one of the bowls at a distance of about 30 cm. The remaining setup was the same as in Experiment 1. We administered the following two conditions (see Fig. 2 ):
Kneeling behind correct location (behind): The experimenter kneeled behind the baited bowl and remained there without moving, looking straight at the entrance.
Pointing from incorrect location (incorrect): The experimenter kneeled behind the non-baited bowl, and as soon as the subject entered the corridor, he pointed and turned his head towards the baited bowl until the subject made a choice. The distance between the tip of the index finger and the baited bowl was about 80 cm. The tip of the index finger was always closer to the incorrect bowl than to the correct one.
Each subject received two sessions of 20 trials. Each session consisted of ten trials for each of the two conditions, resulting in 20 trials for each condition in total. Reward side and cue type were counterbalanced across a session with the exception that no side or cue type was provided more than three times consecutively. If pigs became distracted or ceased to be motivated anymore, a session was terminated and completed the following day.
Data scoring and analysis
Results
The same subjects participated as in Experiment 2 but one refused to participate and was therefore excluded. Therefore, we analysed the choice behaviour of 14 pigs. Two subjects ('Q' and 'V') showed a strong side bias by choosing the right bowl in 37 and 39 out of 40 trials. All other pigs showed no particular preference for either the left or the right side. Comparing the test conditions, subjects performed better in the behind condition compared to the incorrect condition (paired t test: t 13 = 4.69; P \ 0.001). In addition, subjects as a group performed significantly above chance level in the behind (t 13 = 7.65; P \ 0.001) but not the incorrect condition (t 13 = -0.55; P = 0.59). Individual data confirmed these finding, since nine out of 14 subjects performed above chance in the behind condition whereas only one subject did so in the incorrect condition (see Electronic Supplementary Material). Although subjects improved their performance in the Anim Cogn (2014) 17:701-713 707 second half of the incorrect condition (t 13 = -2.24; P = 0.043), they still did not perform above chance level in the second half of trials in this condition (P [ 0.05).
There was no change of performance in the behind condition (P [ 0.05).
Experiment 4
In the first experiment, subjects were able to utilize a proximal dynamic-sustained pointing that was coupled with a head cue. To investigate whether pigs would use the pointing cue or the head orientation alone, they were tested with three new conditions, involving proximal pointing, body, and head orientation.
Procedure
The procedure was the same as in Experiment 1. We administered the following three gestures (see Fig. 2 ): Proximal dynamic-sustained pointing (PSD): The experimenter kneeled between the two bowls, and as soon as the subject entered the corridor, he pointed towards the baited bowl until the subject made a choice, but remained looking straightforward. The distance between the tip of the index finger and the baited bowl was about 30 cm.
Body orientation (Body): The experimenter was kneeled between the two bowls and as soon as, the subject entered the corridor, he oriented his body and head towards the baited bowl until the subject made a choice. The distance between the experimenter's face and the baited bowl was about 100 cm. As the experimenter turned his whole body in a kneeling position towards the bowl, this gesture had similarities to a pointing gesture with the knee. The distance between the experimenter's knee and the baited bowl was about 70 cm, whereas the distance to the incorrect bowl was about 75 cm.
Head orientation (Head): The experimenter was kneeled between the two bowls, and as soon as the subject entered the corridor, he turned his head towards the baited bowl until the subject made a choice. The distance between the experimenter 0 s face and the baited bowl was about 100 cm. Each subject received three consecutive sessions with 20 trials each, and each session consisted of six trials for each of the three conditions, resulting in 18 trials for each condition. In a fourth session, six test trials (two for each condition) were administered, resulting in a total of 20 trials for each condition. In addition, 12 control trials were presented after the test conditions in the fourth session. In those, no cue at all was provided. We presented the control condition en bloc because previous pilot tests showed that subjects are likely to develop side biases when no cue at all was provided during test sessions. We administered the control trials to all subjects that participated in Experiment 1. If their motivation faded, this was done across two sessions. Side and cue type were counterbalanced across a session with the exception that no side or cue type was provided more than twice in a row. If pigs became distracted or ceased to be motivated anymore, a session was terminated and completed the following day.
Data scoring and analysis
Results
The same subjects as in Experiment 3 participated but one showed a lack of motivation during testing and was excluded. We therefore analysed the choice behaviour of 13 pigs. One subject ('V') showed a strong side bias, choosing the right bowl in 58 out of 60 trials.
We found a significant effect of condition (F 2,24 = 27.37; P \ 0.001). Bonferroni-corrected pair-wise comparison revealed that subjects as a group performed better in PDS trials compared to Body and Head trials (both comparisons: P \ 0.001). There was no difference between the Body and the Head condition (P = 0.69). Subjects as a group performed above chance in all three conditions (PDS: t 12 = 15.03; P \ 0.001; Body: t 12 = 4.15; P = 0.001; Head: t 12 = 2.84; P = 0.015; see Fig. 3 ). Twelve out of 13 subjects performed above chance in the PDS trials, whereas five and three, respectively, did so in the Body and Head condition (see Electronic Supplementary Material). In PDS trials, none of the subjects touched the index finger first. Comparing the first half with the last half of trials, performance did not change in Body and Head trials (Body: t 12 = 0.86; P = 0.408, Head: t 12 = 0.19; P = 0.85). However, subjects' performance improved in PDS trials (t 12 = -2.31; P = 0.04), but they were already choosing above chance level in the first ten trials (t 12 = 14.1; P \ 0.001).
Control
We administered twelve control trials to 16 subjects (see Table 1 ) to rule out that other factors (e.g. odour cues) that might have affected subjects' choice behaviour. In these trials, the experimenter was kneeling motionless between the two bowls looking straightforward. One subject ('Q') refused to participate due to a lack of motivation. In control trials, none of the pigs performed above chance at an individual level. As a group (N = 16), pigs 0 performance did not differ from chance (t 15 = -0.79; P = 0.44).
Experiment 5
Since Experiment 4 showed that subjects were able to utilize body and head orientation to find a reward when given the choice between two bowls, it was now investigated whether subjects would follow the experimenter's body and head orientation into distant space. Several species, from primates to reptiles (e.g. apes: Tomasello et al. 1998; goats: Kaminski et al. 2005; tortoises: Wilkinson et al. 2010) , have been shown to be capable of following the gaze of a con-or heterospecific into distant space. Surprisingly, despite their skilful comprehension of human-given cues, dogs failed in such tasks (Agnetta et al. 2000) , and, indeed, studies on other species showed that the mechanism for gaze following and the spontaneous use of gaze in a food-related object choice task may be of different origin or be least context dependent (Kaminski et al. 2005; Schloegl et al. 2007 Schloegl et al. , 2008 Rosati and Hare 2009 ).
Procedure
No bowls or food was present. All subjects received only a single trial in each of the following three conditions:
Body orientation: The experimenter was kneeling at the same place as in Experiment 4, and as soon as the subject entered the corridor, he turned his body and head to the left.
Head orientation: The experimenter was kneeling at the same place as in Experiment 4, and as soon as the subject entered the corridor, he turned his head to the left.
Control: The experimenter was kneeling at the same place as in Experiment 4 and remained without moving, looking straight towards the entrance.
The order of the conditions was counterbalanced between subjects.
Data scoring and analysis
All trials were videotaped for further analysis. We scored whether subjects initially moved to the left or the right half of the test area. In addition, we scored whether subjects started to show foraging behaviour (snout on ground), either on the left or the right side of the area. A trial ended once the subject was begging for food from the experimenter and was physically interacting with him. We used this as an indicator that the subject was still paying attention to the experimenter and was not distracted. The time between the subject entering the area and the finishing of the trial was recorded and analysed with Interact Ó . As these approach time data were positively skewed, they were log 10 transformed. Chi-square tests were used to analyse whether subjects behaved differently in their initial movement or foraging side during the three different conditions. An ANOVA was run to analyse potential effects of condition and trial number on the approach times.
Results
We tested all 18 individuals, but five of them had to be excluded because they lacked motivation to enter the area or were not eager to interact with the experimenter after entering the test area. We found no differences in subjects' initial movement or foraging side between the three conditions (movement left side: Body: n = 5; Head: n = 4; Control: n = 5; v 2 = .223; P = 0.895; movement right side: Body: n = 4; Head: n = 8; Control: n = 6; v 2 = 2.476; P = 0.290; forage left side: Body: n = 2; Head: n = 3; Control: n = 3; v 2 = 0.315; P = 0.854; forage right side: Body: n = 2; Head: n = 6; Control: n = 4; v 2 = 2.889; P = 0.236). The discrepancies to the sum of 13 are explained by trials in which subjects approached the experimenter immediately after entering the test area.
Approach times differed significantly between conditions (F 2,10 = 4.330; P = 0.022; Mean Log response times ± SEM: Body: 0.52 s ± 0.04; Head: 0.61 s ± 0.04, Control: 0.44 s ± 0.05; N = 13), but neither an effect of trial number nor an interaction of trial number and condition was found (both P [ 0.05). A Bonferroni-corrected post hoc comparison showed that approach times only differed significantly between the Head and the Control condition (P = 0.028), suggesting longer search times in the Head condition.
General discussion
Experiments 1 and 2 showed that pigs are able to use proximal momentary and dynamic-sustained pointing cues from the start and also utilized distal momentary and dynamic-sustained pointing cues when the experimenter was in a kneeling position. If he was in a standing position, pigs' performance was at chance level. In Experiment 3, pigs were successful when the experimenter was kneeling behind the correct bowl. Nonetheless, when the experimenter pointed from the incorrect bowl towards the correct one, pigs as a group performed at chance level. However, one individual performed significantly above chance in this condition, suggesting that local enhancement alone may not explain this subject's performance. Experiment 4 revealed that pigs were also able to use body and head orientation to locate the baited bowl. Subsequent control trials ruled out other factors (i.e. odour cues) might have affected subjects' choice behaviour. The individual data confirmed findings at group level in all test conditions. Finally, subjects in Experiment 5 failed to utilize head and body directions when gaze was directed into distant space and no reward was involved. Interestingly, we found a significant difference in response times, suggesting longer search times in the head condition than in the control condition. However, we cannot conclude that this time difference was due to subjects following the gaze direction. Pigs may have simply experienced the position of the experimenter in the control trials as more familiar and therefore approached the experimenter faster than in the test conditions. Alternatively, they could also have recognized that the experimenter's attention was directed towards them (Nawroth et al. 2013) .
Our results are in contrast to the results of Albiach-Serrano et al. (2012) who found no evidence that domestic pigs are able to use a particular human-given cue to find a hidden reward. As mentioned in the introduction, one factor may be the different setup of the task. Subjects in Albiach-Serrano et al.
0 s study were separated from the experimenter by a mesh, whereas in our study, subjects were free to choose one of the options without a physical barrier. The use of a mesh has been criticized in a study with dogs (Udell et al. 2008 ) as a partial visual barrier might distract subjects and therefore decrease performance. Another difference between our study and that of Albiach-Serrano et al. (2012) concerns the way the various cues were presented. AlbiachSerrano and colleagues used alternating pointing and gaze (plus head) cues, whereas in our study, we used momentary and dynamic-sustained pointing cues and dynamic-sustained sustained gaze (plus head) cues. Obviously, comparing the results of different object choice studies, a slightly different way of cue presentation can lead to different results-as also shown in several studies on primates (see Mulcahy and Call 2009; Mulcahy and Hedge 2012) and in the differences of our results from Experiment 1 and Experiment 2. So a lack of evidence for some species to follow distal pointing gestures, either momentary or dynamic-sustained, may be due to an unsuccessful adoption of common test paradigms to the physiologically needs and constraints of different species.
Surprisingly, Albiach-Serrano et al. (2012) found that wild boar were able to use a pointing gesture to find hidden food. The authors speculated that the wild boar were successful in using this gesture because people often threw food into their enclosure-performing a gesture that potentially resembles pointing. An alternative explanation for the different performances between the domestic pig and the wild boar in this study refers to differences in the amount of training trials between the wild boars and the domestic pigs-with wild boars receiving a larger amount of training trials than domestic pigs (mean of 12.57 vs. 4.66 trials). Their wild boars thus could have simply used a learned food-hand association from training trials to succeed in later test trials. Because each subject only received four test trials in each condition, a meaningful analysis for learning effects during training and testing was not available, but could possibly explain the different performances between wild boar and domestic pig.
In our study, general learning effects during testing occurred in only three out of the eleven conditions (Exp. 2: distal momentary pointing in kneeling position; Exp. 3: pointing from incorrect position; Exp. 4: proximal dynamic-sustained pointing). In two of these conditions (Exp. 2: distal momentary pointing in kneeling position; Exp. 4: proximal dynamic-sustained pointing), subjects were already performing above chance during the first ten trials, whereas in the third condition (incorrect) they did not perform above chance overall. Due to the sequential presentation of test conditions, we cannot rule out the possibility of learning over the course of the experiments. One might, for instance, interpret the better performance of subjects in the proximal dynamic-sustained pointing in Experiment 4 compared to Experiment 1 as learning over experiments. Another explanation for the apparent increase in performance would be that as some less motivated subjects had to be excluded over the course of the study, only the motivated remained, and they were probably more focused on the tasks. Alternatively, subjects might have become calmer over the course of the experiments, got less excited and playful, and were therefore more focused on the task, as personal observations suggest.
Although the tested subjects were at a very young age (7 weeks at the beginning of Experiment 1) and had very restricted contact and handling experience with humans before training began, they had some opportunity to associate the experimenter's hand and head with the baited bowl during or even prior to the training sessions. If subjects simply learned a food-hand association during the 20-30 training trials they received, one would expect that performance would increase in the first test sessions and also that subjects would frequently inspect the hand/index finger before making a choice. Interestingly, we found no increase in performance in any condition in Experiment 1. Additionally, as in Riedel et al. (2008) , we found no correlation between subjects touching the index finger first and their success rate in Experiment 1 and 2. Prior contact to humans was not avoidable since, without proper habituation and training, young pigs would be too fearful to participate in a task with a human experimenter and would probably lack an understanding that only one of the two bowls was baited.
Pigs in our study still approached the index finger relatively often before making a choice in the distal dynamicsustained kneeling as well as in the proximal dynamicsustained pointing, suggesting that a form of stimulus/local enhancement or learned food-hand associations have been additional influencing factors even though there was no correlation between finger contact and performance across the group. The results of Experiment 3 point into the same direction by indicating that pigs had problems in choosing correctly when the experimenter was behind the incorrect target while pointing at the correct one. The same mechanisms have been suggested for the performances of goats (Kaminski et al. 2005 ) and horses (Proops et al. 2010) . Interestingly, our pigs were able to utilize the head direction of the experimenter-a finding that cannot be explained by stimulus/local enhancement effects or a learned association between the experimenter's hand and a food item.
Finally, we will consider several potential explanations for the fact that our results show the use of body and especially head orientation in an object choice task by juvenile pigs. In the case of body orientation, the experimenter's knee was slightly closer to the baited than to the unbaited bowl, resembling a pointing gesture and making it therefore more prone to stimulus/local enhancement effects. However, these effects cannot explain the use of the head direction to infer the baited target.
In the case of head orientation, a change in the head direction of a con-or heterospecific is a very subtle cue and recognizing it can be difficult-especially for pigs, which are known to have a poorer visual acuity than human and dogs (Zonderland et al. 2008) . In previous studies, goats (Kaminski et al. 2005) , horses (Proops et al. 2010) , and domestic pigs (Albiach-Serrano et al. 2012) failed to use the head orientation of an experimenter to infer the location of a reward. But unlike the pigs in the present study, the subjects in these experiments completed only one experiment with various cues in a randomized order and received fewer test trials in each condition (goats: 16 trials; horses: a single trial; domestic pigs: four trials). Thus, pigs in our study may have gained sufficient experience with pointing and head cues due to the sequential presentation of experiments (in contrast to the of procedures of Kaminski et al. 2005; Proops et al. 2010; Albiach-Serrano et al. 2012) , and one may argue that pigs in Experiment 4 had learned the head direction of the experimenter as a cue indicating the baited bowl as it was presented with a dynamic-sustained pointing gesture in the prior Experiments 1 and 3. However, the fact that no learning effect was found in the head or in the body condition of Experiment 4 when comparing the first against the last half of trials in both conditions contradicts this assumption.
Another explanation for the use of a human's head direction would be that domestic pigs and dogs (and their wild relatives), as well as other species that seem to be able to use the head direction in this test paradigm, share specific similarities in their social structure that made it to an adaptive advantage to follow the head or body direction of conspecifics in certain contexts. This, in turn, may have increased their adaption to utilizing head cues given by heterospecifics such as humans. Wolves and wild boar live in stable groups and rely on more or less patchily distributed food sources. This can, in the case of wolves/ dogs, lead to an increase in cooperative behaviour that is, for instance, needed to hunt down big prey (Mech 2007 ; but see Muro et al. 2011) . And indeed, a recent study suggests that wolves are capable of following the gaze direction of conspecifics (Range and Virányi 2011) . However, the results for dogs are ambiguous (Agnetta et al. 2000) .
Unfortunately, there are no experimental studies examining cooperative or competitive behaviour in wild boar, but domestic pigs seem to have retained the foraging behaviour of their wild ancestors (Wood-Gush et al. 1990 ). Studies on domestic pigs investigating the exploitation of subdominant conspecifics by dominant subjects indicate that the subdominant pig takes into account the body orientation of the dominant individual while foraging (Held et al. 2002) . In another study by Held et al. (2001) , one tested pig appeared to be able to take the visual perspective of its conspecifics.
For the pointing gestures, stimulus/local enhancement seems relevant for explaining our results, but we cannot exclude the possibility that domestication processes have influenced pigs' decision making, and, for example, a decreased emotional reactivity, expressed in reduced aggressiveness and fear against humans, may have improved their ability to utilize the presented pointing gestures (Hare et al. 2002; Hare and Tomasello 2005; Hernádi et al. 2012) . Hence, a comparison with the domestic pig 0 s closest relative, the wild boar, in a similar test setup would be of advantage for investigating the potential influence of general domestication processes (Hernádi et al. 2012) . Furthermore, there is still restricted knowledge about the utilization of human-given cues in other domesticated species and their wild counterparts, including cattle and poultry. Keeping in mind handling problems in future object choice studies, our test setup (a test area with a corridor at the entrance) proved to be useful for animals that cannot be restricted by hand (see also Kaminski et al. 2005) . The question remains wether pigs only used stimulus enhancement and associative learning processes or whether they were able to comprehend the communicative nature of some of the human-given cues presented (i.e. body and head direction), as is partially suggested by our results.
We conclude that domestic pigs, even at a very young age, are skilful in utilizing human-given cues in an object choice task, including the body and head orientation of humans, making them therefore a suitable species for further research in socio-cognitive studies, especially with regard to human-animal interactions and effects of domestication.
Ethical standard The experiments were carried out at facilities of the Institute of Agricultural and Nutritional Sciences of the University of Halle-Wittenberg under licence of the regional veterinary control board. Housing facilities met the German welfare requirements for farm animals.
